Aims. We present a UV to mid-IR spectral energy distribution study of a large sample of SDSS DR13 HII galaxies. These are selected as starburst (EW(Hα) > 50Å) and for their high excitation locus in the upper-left region of the BPT diagram. Their photometry was derived from the cross-matched GALEX, SDSS, UKDISS and WISE catalogues. Methods. We have used CIGALE modelling and SED fitting routine with the parametrization of a three burst star formation history, and a comprehensive analysis of all other model parameters. We have been able to estimate the contribution of the underlying old stellar population to the observed equivalent width of Hβ and allow for more accurate burst age determination. Results. We found that the star formation histories of HII Galaxies can be reproduced remarkably well by three major eras of star formation. In addition, the SED fitting results indicate that: i) in all cases the current burst produces less than a few percent of the total stellar mass: the bulk of stellar mass in HII galaxies have been produced by the past episodes of star formation; ii) at a given age the Hβ luminosity depends only on the mass of young stars favouring a universal IMF for massive stars; iii) the current star formation episodes are maximal starbursts, producing stars at the highest possible rate.
Introduction
HII Galaxies are compact dwarf starburst galaxies with strong and narrow emission lines superposed on a weak blue continuum. The optical spectra of HII Galaxies are indistinguishable from those of Giant HII regions in local galaxies (Sargent & Searle 1970) . It is now widely accepted that they are not bona fide young galaxies forming their first generation of stars, as thought in the past, since they all show a population of old stars. Westera et al. (2004) used the spectra of some 100 HII galaxies to assess their stellar population content and history by deriving absorption line indexes (based on Hδ, H+K(Ca), Mg b and D4000) and comparing with stellar population models of SB99 (Leitherer et al. 1999 ) and BC03 (Bruzual & Charlot 2003) . The main conclusion from that work is that, mostly, we can parametrize the star formation history (SFH) of HII galaxies with these three main stellar populations.
Optical ) and near-IR imaging (Lagos et al. 2011 , and references therein) have also convincingly shown that these dwarf starburst galaxies possess underlying old populations. Simulations also show the episodic nature of star forming galaxies, particularly at low masses (see e.g Pelupessy et al. 2004; Debsarma et al. 2016) , being three episodes the simplest choice in this scenario.
The morphologies of HII galaxies remain, as first described by Loose & Thuan (1986) ; Kunth et al. (1988) , a mixed bag. The general properties of HII galaxies and Blue Compact Galaxies (BCG) broadly overlap (Kunth & Östlin 2000) . They have irregular shapes, typically small physical sizes, no signs of ordered structures, such as disks. Their starburst regions, consisting of emsembles of massive ionizing clusters and their respective giSend offprint requests to: Eduardo Tellese-mail: etelles@on.br ant HII regions, cover most of the extension of their optical images. More luminous HII galaxies seem to show some evidence of tails, fuzz in their outermost isophotes, and more disturbed overall morphologies whereas the lower luminosity ones seem more compact . Deeper optical imaging (Lagos et al. 2007 ) and near-IR imaging (Lagos et al. 2011 ) reveal the clumpy nature of their starburst regions. The various subclassification attempts, such as cometary (Papaderos et al. 2008) , local tadpoles (Elmegreen et al. 2012) , green-peas (Cardamone et al. 2009 ), etc, all fall within the mixed bag of clumpy morphology with no fundamental differences in their intrinsic properties. In any case, due to their low mass, low oxygen abundance, low dust content, and low density environments, HII galaxies constitute the simplest starbursts at galactic scales.
With the advent of large surveys, particularly the Sloan Digital Sky Survey (York et al. 2000, SDSS) , star forming galaxies all fall back into a uniform spectroscopic class and are viewed in a more general common perspective. Total stellar mass seems to be the main driver of the properties of the star forming galaxies at low redshift (Brinchmann et al. 2004; Tremonti et al. 2004 ). However, the locus where emission line galaxies fall in the BPT diagram (Baldwin et al. 1981 ) determines some important general properties as well, since the star forming sequence is also a sequence of increasing excitation with the decrease of stellar mass and metallicity (Curti et al. 2017 , and references therein).
HII Galaxies are particularly interesting as cosmological probes over a surprisingly large range of redshifts extending to redshifts of z=3-4 with present-day instrumentation. Their emission-line luminosities, in particular the Balmer lines, correlate extremely well with the velocity-widths of the same emission lines (Terlevich & Melnick 1981; Melnick et al. 1988; Telles & Terlevich 1993; Bordalo et al. 2009; Bordalo & Telles 2011;  Article number, page 1 of 12 arXiv:1803.02778v1 [astro-ph.GA] 7 Mar 2018 A&A proofs: manuscript no. cigale_r2 Chávez et al. 2014) . This so-called L-σ relation can be calibrated as a distance indicator using Giant HII regions in local galaxies, and can thus be used to determine cosmological parameters (Melnick et al. 2000; Plionis et al. 2011; Terlevich et al. 2015; Chávez et al. 2016; Fernández-Arenas et al. 2017) . Since the L-σ method is independent from other methods, a cross comparison of results help us better understand the systematic uncertainties in these different methods, most notably the SNIa.
While it seems clear that the L-σ relation stems from the natural relation between the ionizing flux of a starburst and the mass of its ionizing cluster, the relation is empirical and thus suffers from considerable intrinsic scatter. In Melnick et al. (2017) we have explored ways of reducing the scatter, but stumbled against the difficulty of accurately measuring the ages of the young component. The traditional age indicator, the equivalent width of Hβ (EW(Hβ)), is biased by contamination of the continuum by older underlying populations and therefore age corrections using EW(Hβ) tend to increase the scatter rather than reduce it.
In this paper we make use of multi-wavelength stellar population analysis by using the method of fitting the spectral energy distribution (SED) from the UV to MIR in order to describe the simplest star formation history for HII galaxies that accommodates their general properties. We wish to investigate how efficient HII galaxies are in forming stars in the present burst as compared to their past. We also retrieve the true distribution of EW(Hβ) for the young stellar component of our sample by applying a correction factor f r that accounts for the contamination of the continuum by the old stellar population derived from our stellar population analysis. This will help us further understand, and possibly reduce, the systematic errors related to the use of the L-σ as a powerful indicator of cosmological distances. Sec. 2 presents our data selection of extreme star forming galaxies from the Sloan Digital Sky Survey. Sec. 3 describes our SED fitting model, model choices, and procedure. In Sec. 4 we present our results, and conclusions are given in Sec. 5.
Data and general spectral properties
Our data are selected from the SDSS DR13 release (Albareti 2016) cross-matched with the emissionLinePort table 1 , and contains galaxies classified as subclass STARBURST which implies EW(Hα) > 50Å. These criteria reflect in over 67000 galaxies. From these we selected only those with EW(Hβ) > 30Å and those whose line ratios fall within the upper left panel of the canonical interval for star forming regions in the BPT diagram (Baldwin et al. 1981; Kewley et al. 2006) . These choices aim at selecting extreme star forming galaxies with high excitation, low abundances and low masses, typical of bona fide HII galaxies. So, our selection criteria are more restrictive and do not include more luminous star forming galaxies. These criteria allow the inclusion of the lowest metallicity objects which have slightly lower [OIII]/Hβ ratios due to their low ionic abundances (Izotov et al. 2017) . In order to avoid including local giant HII regions in nearby galaxies we also restricted by z > 0.005, resulting in ∼4200 SDSS objects. Figure 1 shows the selected spectroscopic sample. A summary of these criteria is given in Table 1. 1 the emissionLinePort table (Portsmouth stellar kinematics and emission-line flux measurements Thomas et al. (2013) are based on adaptations of the publicly available codes Penalized PiXel Fitting (pPXF, Cappellari & Emsellem 2004) and Gas and Absorption Line Fitting code (GANDALF v1.5; Sarzi et al. 2006) to calculate stellar kinematics and to derive emission line properties. ) Fig. 1 . BPT diagram of the selected objects. The blue points are the whole sample of 67000 starburst galaxies. The red points are the resulting spectroscopic sample of ∼4200 galaxies with the criteria given in Table 1 . HII galaxies lie below and to the left of the Kauffmann et al. (2003) classification line (solid red line) that distinguishes AGNs from star forming galaxies. Table 1 . Summary of the selection criteria of our spectroscopic sample, resulting in our SDSS sample of ∼4200 objects. For our final sample of HII galaxies for our multiwavelength analysis from FUV to MIR, we chose from the SDSS sample only targets with GALEX unique photometry in both FUV (0.1528µm) & NUV (0.2271µm) bands (Bianchi 2014, and references therein) . The resulting GALEX+SDSS sample of HII galaxies consists of 2728 objects. For this sample, we crossmatched targets with The UKIRT Infrared Deep Sky Surbey (Lawrence et al. 2007 , UKIDSS) Y (1.036µm), J (1.250µm), H (1.644µm), K (2.149µm) near-IR bands, and with the WideField Infrared Survey Explorer (Wright et al. 2010 , WISE) W1 (3.4µm), W2 (4.6µm), W3 (12µm), W4 (22µm) mid-IR bands.
In the end, we have chosen not to use the W3 & W4 bands since we are most concerned with the stellar population properties as a result of our analysis, and these bands only suffer any significant effect at these longer wavelengths due to the dust emission component. Table 2 shows the resulting photometric sample of HII galaxies. The most restrictive photometric band is the near-infrared UKIDSS with NIR data for only one-third of our sample. In any case, in our analysis we use all available Article number, page 2 of 12 Telles & Melnick: The Stellar Populations of HII galaxies Fig. 2 . Distribution of the Petrosian radius in the SDSS r band of our photometric sample of 2728 HII galaxies. The median value of the distribution is only 2.8 . photometric data each individual galaxy. To minimize systematic effects we used Petrosian magnitudes except for GALEX for which we used model magnitudes. Our choice of the Petrosian magnitudes ensures that in all bands we measured the fluxes in the same way to include the same percentage of the total flux. In any case, our objects are compact (see Figure 2) , thus aperture effects are minimized since we are probably including all the flux in all bands. We also correlated with VISTA surveys but found no additional targets. Figure 3 shows the spectroscopic characterization of our crossmatched GALEX+SDSS sample of 2728 HII galaxies. The Figure shows histograms of the logarithmic extinction correction factor C(Hβ), the observed equivalent width of Hβ, the derived Hβ luminosity 2 , and the derived oxygen abundance (see below), respectively. A typical galaxy in our sample has low extinction (E(B-V) ∼ 0.1), intense emission lines (EW(Hβ) ∼ 50 Å, log L(Hβ) ∼ 40.5 erg cm 2 s −1 ), and low metal abundance (12 + log(O/H) ∼ 8.2, Z∼ 1/3 Z ).
Basic properties

Extinction corrections
Our first step was to correct the fluxes for foreground extinction using the maps of Schlafly & Finkbeiner (2011) as reported in the SDSS data base and the extinction law for the Galaxy from Cardelli et al. (1989) . This is relevant because in these starburst galaxies the foreground extinction is substantial, and the extinction laws for the internal extinction are very different in the UV.
As a second step, the intrinsic internal reddening is then derived from the resulting Hα/Hβ ratio (corrected for Galactic extinction) for each HII galaxy, using either a Calzetti (Calzetti et al. 2000) or a Gordon (Gordon et al. 2003 ) extinction law. The Gordon extinction curve is that of the SMC bar which is the steeper curve in the UV. Their comparative results seem to indicate that there is a trend for the extinction curves to be steeper 2 Throughout this paper we assume H 0 = 71 km s
in the UV for systems of lower gas to dust ratios. The starburst galaxies in our sample have typically sub-solar oxygen abundances implying a low dust content, and hence this ratio will be large for our sample galaxies, favoring a SMC-bar like extinction curve. This agrees with previous findings by Gordon et al. (1997) who found that the steeper UV extinction curve seems to be associated with enhanced star formation region such that of 30 Dor in LMC whose extinction curve differs from the rest of the LMC. We then measured the line intensities for Hα, Hβ, and Hγ by optimizing the placement of the continuum and carefully adjusting the integration box to include all the line fluxes. Inspection of the spectra showed that in general the higher Balmer lines (λ ≤ Hδ4101Å) were embedded in a stellar absorption feature that appears to be significantly broader than the emission lines. For this reason we did not include these lines in our analysis. Even Hγ is in most cases somewhat affected by absorption although, considering that the equivalent widths of the absorption features in synthetic spectra for starburst are similar for Hβ and Hγ, we did not correct the line ratios for this effect.
In Figure 4 we plot the Balmer decrements divided by the theoretical (Case B) recombination values for T e = 11400K, appropriate for the mean temperature of our sample, F(Hα)/F(Hβ)=2.855 and F(Hγ)/F(Hβ)=0.467 (Osterbrock 1989) . Thus, in this log-log plot an object with zero internal extinction would be located at (0,0), which is indicated by dashed lines. The colored solid lines in the figures show the reddening vectors for a range of 1.4 magnitudes in A V for four popular extinction laws as indicated in the captions.
While for the full sample of objects (gray points) the best fitting extinction law appears to be unconstrained by our measurements, when we restrict that sample to objects with errors < 0.015 (blue crosses), the best fit appears to disfavor the law of Calzetti et al. (2000) which produces much less reddening per unit absorption (it has R V = 4.88). Therefore, we have corrected our spectroscopic observations using the Balmer Decrement with a Gordon extinction law as
where f λ is derived from the extinction law. The resulting logarithmic extinction correction factor C(Hβ) for our sample is shown in a histogram of Figure 3 .
Oxygen abundances
We have determined the physical conditions from the emission line spectra by using the direct method as described by the prescription of Pagel et al. (1992) and Izotov et al. (2006) since we were able to detect and measure the electron temperature sensitive emission line of [O III]λ 4363 in virtually all of our spectra (see Figure 3 , right panel). Electron densities were estimated by the ratio of the [SII] lines. This[SII]λ6717/[SII]λ6731 ratio has a strong peak at 1.3 for our sample which implies that all HII regions are in the low density regime. Thus, we adopt the reasonable assumption of a constant n e of 100 cm −3 . The ionic and total abundances determined by both prescription agree very well, with a small offset of less than 0.1 towards higher abundance for Izotov prescription which we adopt here for having more recently updated atomic data. The prescription is also better suited for sub-solar abundances. While the low abundance tail in the distribution is expected to be real and accurate, the few objects with super-solar abundance have larger uncertainties, due to the lower S/N ratio of the [OIII]λ4363 line in these cases.
Modelling with CIGALE
CIGALE 3 (Code Investigating GALaxy Emission) is a package for SED modelling as well as for SED fitting. The code has been developed by Denis Burgarella and Médéric Boquien at Laboratoire d'Astrophysique de Marseille. Some applications and descriptions of CIGALE to modelling galaxy properties are found References.
(1) Bruzual & Charlot (2003) ; (2) in Noll et al. (2009); Boquien et al. (2014 Boquien et al. ( , 2016 ; Ciesla et al. (2015 Ciesla et al. ( , 2016 ; Vika et al. (2017) . CIGALE has a modular structure which allows great flexibility in modelling the various physical components and their possible parameters that contribute to produce the theoretical SED of galaxies. These components and the set of parameters used in our study (a subset of all possibilities) are given in Table 3 . Once the predicted theoretical SED are modelled, CIGALE is used for fitting the modelled SED to the observed SED. Best fit results, probed by the output χ 2 , can be evaluated to provide the possible and most probable set of energy sources and their respective parameters that best represent the observed SED.
CIGALE allows for a number of star formation histories (SFH) such as exponentially declined, delayed or periodic (see CIGALE documentation 3 ). Our choice of the SFH consists of 3 episodes of star formation: a young ionizing population (< 10 Myr), an intermediate age population of (100-500 Myr), and an old stellar population (10 Gyr).
In CIGALE, this particular SFH module was not implemented by default, but was developed by M. Bocquien to fit our purpose. Once we chose the SFH, we also made a choice of the evolutionary stellar population synthesis to produce our Simple Stellar Population (SSP). We used the models of Bruzual & Charlot (2003) for a Chabrier Initial Mass Function (IMF) and at a fixed metallicity of Z=0.008. The choice of metallicity is justified by the fact that we have derived, from the optical spectra, their low metal content with a mean distribution of 12+logO/H= 8.2 as shown in our Figure 3 . These are typical values for HII galaxies where the electron temperature sensitive line [OIII]λ4363 is detected Terlevich et al. 1991) . The oxygen abundances are expected to be low for our sample of high excitation HII galaxies, since they were selected to fall in the upper left locus of the star forming sequence in the BPT diagram, which is also a metallicity sequence (see e.g. Curti et al. 2017) .
Nebular emission from the ultraviolet to the near-infrared was computed by the module Nebular that includes both emission lines and the nebular continuum. Here, for the computation of the nebular emission, we considered that the escape fraction and the absorption by dust of Lyman Continuum were both zero. We may evaluate a posterior whether these choices were appropriate.
In all CIGALE runs we have not included a possible AGN emission component. Our targets are selected to be star forming galaxies in the BPT diagram. It is true that AGN at low mass and low metallicity may exist and may fall in the star forming region of the BPT ), but their frequency in our sample is expected to be low, if any at all.
Our choice of models differ simply on the way we considered the dust attenuation and the inclusion (or not) of dust emission in order to fit the whole spectral range from FUV to W2 band. Table 4 shows these six runs of CIGALE. Column 1 is the model identification, column 2 indicates whether or not a dust emission component was included in the runs. These are models 1, 2 and 3, marked "dl2014" indicate that the model of Dale et al. (2014) was used. The inclusion of dust emission will not affect the results significantly since dust emission becomes important only with λ > 15µm.
The comparison between model 0 (free attenuation and no dust emission) with model 1 (free attenuation with dust emission) allows us to evaluate how much the inclusion of the dust emission interferes on the full fit. Figure 5 shows a typical example of this case. On the left panel the best fit for model 0 and on the right panel the best fit for model 1. We can note that model 1 has a smaller χ 2 that shows it is a better fit to the full wavelength range including W1 and W2 Wise bands. In general, the routine tries to compensate the absence of the dust emission component in model 0 by over-estimating the mass of the old stellar population. In this particular case the PAH 3.3µm emission also contributes to the flux in the W1 band. We conclude, then, that this dust emission component is necessary for any good fit in midinfrared band, and contributes to a better fit in the near-infrared UKIDSS bands, as shown in this figure.
By applying analogous comparisons with the other models for which we had a choice of inclusion or not of a dust emission component, but with all other parameters being the same, such as in the case of model 2 vs. model 4 and model 3 vs. model 5 (see Table 4 ) we reach similar conclusion, namely that models with dust emission are a better fit to the near-infrared data. So from this analysis we have, then, favored the models where dust emission is included. Therefore, we will discard models 0, 4 and 5 for the analysis that follows. Now, we have to compare models where the attenuation corrections were left as a free parameter (model 1) to the models where the attenuation corrections were applied prior to the SED fitting procedure (model 2 vs. model 3, see 3rd column of Table 4). A choice of Gordon extinction law was used in all SED fitting runs. As mentioned above, all data have previously been corrected for foreground extinction due to our Galaxy. CIGALE will output the best fitted extinction parameter C (C = E(B−V) star E(B−V) gas ) which represents the relation between the attenuation in the stellar continuum to the extinction in the nebular emission, to be either a Calzetti differential extinction (C = 0.44) or an equal extinction in the two emission components (C = 1). CIGALE uses this parameter as the ratio the attenuation in the stellar continuum of the old stellar population to the stellar continuum of the young stellar population, not to the nebular emission. Massive young stars are embedded in the ionized HII regions, but the distribution of the young population, the older stellar population and dust may be related. However, it is not clear how these relations behave. We prefer to constrain our model to the information from the nebula emission, fixing the total amount of extinction provided by the spectral information. In addition, a comparison of the resulting χ 2 for the different models reveals marginal differences. Model 2 has a distribution of χ 2 marginally better than model 1. So for these two reasons we have chosen to keep model 2 and discard model 1.
For the other remaining models (2, 3) we pre-corrected the internal extinction using the balmer decrement (Hα/Hβ) with the assumption of a Gordon extinction law with C = 1 (models 2) or Calzetti extinction law with C = 0.44 (model 3), as mentioned in Section 2. For these models we expect that CIGALE will output simply a residual extinction, since data were previously corrected for total extinction. The smaller this residual, then, will indicate a better assumption of the attenuation law and of C. Figure 6 shows a comparison of the output results of CIGALE for C for models 2 (green histogram) and 3 (blue histogram). This represents the residuals of attenuation that CIGALE still manages to fit to find the best result. Model 2 has more zeros than model 3 and also more zeros than other residuals (either 0.44 or 1.0). This is not the case for model 3. This is an indication the best prior extinction correction was performed using the assumption of model 2, using a Gordon attenuation law with no differential attenuation between gas and stars (C = 1). ). Model 2 has been precorrected for a Gordon C=1.00, and model 3 has been pre-corrected for a Calzetti C=0.44. Ideally, the assumption of a pre-correction would be perfect if this procedure resulted in zero residuals, which is not the case. But simply model 2 (green) is better because it has relatively more zeros than model 3 (blue).
In summary, we have chosen model 2 as our best general model for the SED fitting procedure. Our results will then be derived from the SED fitting using model 2 only (see Table 4 ). In addition, only best fits with χ 2 < 3 will be considered for further analysis.
Results and Discussion
As described in the previous Section, our results are based on CIGALE model #2 (see Table 4 ), which includes dust emission for a better fit to the near-IR and WISE bands. The photometry has been corrected for foreground (with a Galactic extinction law) and internal extinction (with a Gordon extinction law and E(B-V) gas = E(B-V) star ). CIGALE best-fit output parameters are the masses and ages (of the oldest stars) of the stellar components, the residual extinctions, the Hβ equivalent width correction factor ( f r ), and the best-fit χ 2 . The realibitily of the output parameters by CIGALE has been tested in previous studies with a method by Giovannoli et al. (2011) (see also Buat et al. 2011) which consists of the creation of a mock catalogue of fluxes for each galaxy derived for a set of output parameters. After the addition of random noise CIGALE is run a second time and the new results are compared with the input ones. Vika et al. (2017) also applied this test for their analysis of Spitzer/IRS galaxies and showed that stellar masses, SFR, and luminosities are rather well constrained, whereas the age of the oldest stars is not. We have applied the same test here. Figure 7 shows the comparison of our most relevant parameters for our present study: masses (left panel) and young stellar age (right panel). We find that the stellar masses are very well constrained and reproduced. In the right panel we show the comparison of the true vs. the estimated values of the age of the young stellar component only. The age of the intermediate stellar component shows a similar spread (not shown here). As a reminder, the age of the old stellar component is kept fixed at 10 Gyrs. Note that the dynamical range in the plot for ages (right panel) is much smaller than the plot for the masses (left panel), so points look more spread. However, in fact the reproducibility of young stellar ages also seem rather well constrained.
Article number, page 6 of 12 Telles & Melnick: The Stellar Populations of HII galaxies All the results from CIGALE, along with the derived spectroscopic properties from the SDSS spectra, are available as FITS and ASCII tables at our website 4 . The most important output parameters measured by CIGALE, and used in our study are the stellar masses and ages of the young and old populations, and the output best model SED with χ 2 , stellar, nebular and dust continua emission and respective attenuations. Plots (JPG images) of the resulting SED best-fit for individual objects (as in Figure 5 ) are also made available, as well as the best fit model SED FITS tables.
The Equivalent Width Correction (the f r factor)
The observed equivalent width of Hβ, EW(Hβ), has been shown to be an indication of the age of the burst (Dottori 1981) for young stellar systems.
From a sample of HII galaxies, Terlevich et al. (2004) showed that the observed distribution of EW(Hβ) cannot be reproduced if the evolution of the starburst is represented by a simple stellar population (SSP) predicted by evolutionary population synthesis models such as Starburst 99 (Leitherer et al. 1999) . The very high EW(Hβ) young predicted for a very young stellar cluster is never observed, indicating that the observed EW(Hβ) obs is actually a measure of the intensity of the Hβ emission line (F(Hβ)) produced by the young burst averaged by the past history of star formation, including the continuum emission of the young massive star cluster (C young ) plus the continuum emission produced by the previous episodes of star formation (C old ). Hence,
We have thus defined the fraction f r as the ratio f r = width to be assigned to determine the burst ages, using equation 3 where f r is derived from the SED fitting. The median value of the equivalent width correction factor from equation 3 is 1 + f r = 2.0.
The relation between luminosity -and young stellar mass
It is notoriously difficult to estimate the uncertainties of the parameters resulting from populations synthesis models. Statistical errors in CIGALE are estimated through bayesian probability distribution functions and are given for each output parameter. Typical error for the masses in our work is 20%-30%, and for SFR errors are estimated to be 30%-40%. A straightforward way of verifying our results is to compare the mass of young stars (M young ) from CIGALE with the observed Hβ luminosities, L(Hβ) . This comparison is presented in Figure 9 that shows an excellent correlation between these parameters. Notice, however, that since mass and luminosity depend on the square of the distance the slope of log-log plots such as this is expected to be close to unity even when the objects span a relatively small range of distances, so the interesting information is in the scatter and the zero point, but not necessarily in the slope. The ionizing fluxes of single-age (simple) starbursts depend mostly on two parameters: the age and the mass of the ionizing stars, and for these objects the equivalent width of the Balmer lines provides a robust age indicator (Leitherer et al. 1999, henceforth SB99) . Thus, we expect the scatter in the relation between M young and L(Hβ) to be correlated with EW(Hβ). Figure 9 shows that this is indeed the case. Objects with EW(Hβ) lower than average lie predominantly below the fit line, while objects with values above average are above the line. Notice that the ridge separating these two groups is tilted relative to the leastsquares fit.
In the figure we used the equivalent widths corrected for contamination by old stars as described in Section 4.1, but the separation also occurs when the uncorrected EW(Hβ) are used, albeit with larger scatter and more overlap between the two groups (cf. Table 5 
below).
Article number, page 7 of 12 A&A proofs: manuscript no. cigale_r2 Fig. 9 . Relation between young stellar mass from CIGALE (M young ) and the observed Hβ luminosity for our sample of 2234 HII Galaxies with accurate SED fits (χ 2 < 3). The sample was divided in two groups according to their equivalent widths, EW(Hβ), corrected for contamination as described in Section 4.1. Objects in red have EW(Hβ) lower than the average of the sample (110Å) while objects in blue have values above the average. The line shows a standard least-squares fit of slope very close to unity as indicated in the legend. Typical error in M young is < 30%.
In Melnick et al. (2017) we showed how the SB99 models can be used to normalize the observed Hβ luminosities to a fiducial age. Here we have used a dense grid of SB99 models for the standard Geneva isochrones with a metallicity of Z=0.008 and a Kroupa IMF shown in Figure 10 . This allows us to directly interpolate the models to the observed EW(Hβ) without recourse to fitting some analytic expression as done in Melnick et al. (2017) or Fernández-Arenas et al. (2017) . and Hβ luminosity at a fiducial age of 3.8Myr. As in Figure 9 the sample was split in two groups according to the corrected equivalent widths. We show in red objects with less than the average of the sample (110Å) and in blue objects with larger values. The coloured lines show the predictions of SB99 models for two different stellar models as indicated in the figure. The orange line corresponds to the Monte-Carlo sampling discussed in the text.
Thus, for each object in our sample we interpolate the SB99 models to retrieve the luminosity offset between the observed age and the fiducial age, for which we chose the mean age of the sample, and we scale the corrected luminosity to the actual mass (M young ) of the object. For the SB99 models that we are using here the mean equivalent width of our sample corrected for contamination by old stars < EW(Hβ) >= 110.4Å corresponds to a mean age of 3.8Myr. Figure 11 shows the relation between young stellar mass and Hβ luminosity at a fiducial age of 3.8Myr.
The scatter is significantly reduced while the stratification of luminosities as a function of EW(Hβ) is gone. Interestingly, however, the figure shows a systematic trend of EW(Hβ) with mass: massive objects tend to have lower equivalent widths. The figure also shows that simple SB99 models predict significantly larger luminosities than observed, and that the relation using corrected luminosities is steeper than the uncorrected case (Figure 9) . We find, therefore, that single-age models provide the correct slopes (dlogL/dEW) of the evolutionary corrections, but not the correct zero points.
Simple dynamical arguments indicate that very massive strictly coeval (simple) starburst clusters cannot exist. The characteristic time scales for the formation of such clusters would be too long compared to the main-sequence life-times of the ionizing stars. So it is reasonable to assume that the stars in massive starbursts span a range of ages that is significant relative to the ages of the ionizing stars. In fact, observations of nearby HII Galaxies show that these objects tend to be clumpy and have multiple emission-line profiles (Lagos et al. 2011; Melnick et al. 2017) .
In order to test this multiplicity effect we performed simple Monte Carlo experiments where we split the young component of each galaxy with M young > 3 × 10 6 M into a set of clumps of masses M cl randomly sampled from a power-law mass distribution of slope α = −2 in the range 3×10 5 < M cl /M < 3×10 6 . We then assign to each clump a random age sampled from a Gaus- sian distribution centered at the mean age of the galaxy (from EW(Hβ) young ) with a dispersion that is a function of total young stellar mass: σ age = 3 × (M young /15) 0.2 Myr, with M young in units of 10 6 M . This generates a 3D grid from which we can read the predicted luminosity for a given mass and equivalent width.
The orange line in Figure 11 illustrates the predictions from our simple Monte-Carlo sampling. The prediction has the right slope, but is still offset by about 0.3dex relative to the observations. It may be possible that more refined models could explain this offset, but a full sampling of parameter space is beyond the scope of this paper. For our immediate purposes, the important result is that simple SB99 models are adequate for estimating the evolutionary corrections to the Hβ luminosities of young starbursts.
In Table 5 we explore possible additional sources of systematic scatter in the L(Hβ) -M young relation. The evolutionary corrections parametrized by the raw equivalent widths is shown in the first line, and the corrected evolutionary corrections for contamination by old stars in the second line. The rest of the table explores the scatter of the age-corrected mass-luminosity relation discussed above (Fig. 11) .
We find a weak correlation with nebular excitation ([OIII]/[OII]), which is probably a residual from our evolutionary corrections. The decrease in scatter is deceiving because, as shown in Figure 11 , when the luminosities are corrected for evolution using the SB99 models the scatter is rms=0.22. Also, the 1965 galaxies with measured [OII]3727Å tend to be those with the best S/N. We do not see any residual correlation with metallicity or [OIII]/Hβ. We conclude, therefore, that to a very good approximation, the Hβ luminosities of HII Galaxies depend only on two parameters: the mass and the age of the starburst component. An immediate corollary of this conclusion is that the IMF of HII Galaxies is universal, at least for massive stars.
The most massive starbursts
We remarked above that Figure 11 shows a clear systematic decrease of EW(Hβ) with young stellar mass, in the sense that the most massive objects tend to have the lowest equivalent widths. The galaxies in our sample show a rather weak trend of metallicity with M young for low mass objects while the most massive starbursts span the full range of metallicities, so we were puzzled by the fact that, even after correction for underlying older 1 Using L(Hβ) corrected for evolution using the equivalent widths as in Fig. 11 . To make the coefficients easier to read we scaled the equivalent widths by a factor of 10 3 . stellar populations, the most massive objects in our sample are still those with the lowest EW(Hβ).
Visual inspection of the SDSS images revealed that most of these massive HII Galaxies show disturbed morphologies reminiscent of major mergers. Thus, the most luminous objects in our sample seem to be the low-mass equivalents of LIRGS and ULIRGS -the descendants of mergers of massive spiral galaxies.
It may be interesting to notice in this context that the relation between age dispersion and mass (σ age ∝ M young . This may be an indication that mergers rather than monolithic collapse controls the age spread in the most massive objects. Rejuvenation of massive stars through binary interactions may also play a role, although clearly more elaborate models are required to address these issues properly. Figure 12 shows histograms of indicators of the importance of the current present-day star formation (SF) episode over the past history of star formation from our SED fitting. The left panel shows the histograms of the derived masses for the young stellar component (M young < 10 Myr) to be compared with the old stellar component (M old = M int + M 10Gy ). Notice that we are not making a distinction in our CIGALE models between mass produced in the intermediate-age episode (M int ) from the mass of first episode of star formation (M 10Gy ) in our three burst model, so we refer to these two components simply as M old . Fig. 13 . SFR vs. LHβ calibration. The blue points are for the current present-day star formation rate from SED result of SFR 10My = M young /age young (<age> young = 6.8 My). The green line is the relation by Kennicutt (1998) for normal spiral galaxies. The purple hexagon is the giant HII region 30 Dor in the LMC (Doran et al. 2013; Crowther et al. 2017) .
Stellar Masses and Star Formation
One can see that our galaxies have total masses of less than 10 10 M , and typically 10 9 M , putting them in the low mass tail of other studies of overall properties of star forming galaxies. This is of course due to our selection criteria as explained in Sec. 2.
The middle panel shows the strength of the burst parameter defined as
. It is clear from this histogram that the present episode of SF has contributed less than a few per cent to the total stellar mass production over the lifetime of these galaxies -typically less than 2%. Analogously, the right panel shows the b parameter (Kennicutt 1983) , here defined as ratio of the present-day SFR (SFR 10My ) to the average past SFR (SFR 10Gy ). The current star formation is producing stars at high rates, typically over ∼ 20 times the average past history.
Our SED fitting procedure allows us to isolate the mass of the young stellar component produced in the latest SF episode (M young ). Thus, the current SFR 10My is simply M young / age 10My . We used the actual CIGALE best fitting young ages of the individual objects, although little differences would result had we used the mean age for our sample of <log(age) 10My > = 6.8, or a more conservative maximum age for the ionizing population of log(age) 10My = 7. For the SFR averaged over the whole SF history of the galaxy SFR 10Gy we take M old /10 10 yr. Figure 13 shows our current SFR derived from our SED fitting procedure log(SFR 10My ), plotted against our observed Hβ luminosities corrected for extinction (see Sec. 2). The resulting calibration forcing the slope to be exactly one is given by: log(SFR) = −40.15 ± 0.31 + log L(Hβ) (rms = 0.25)
For comparison, the commonly used calibration of Kennicutt (1998) , shown as the green line in the figure, is log(SFR) = −40.65 + log L(Hβ). The difference in zero point is only partially due to a slightly different IMF, stellar input in the synthesis model, or aperture effects, and mostly to the fact that our calibration isolates the SFR of the starburst component alone. Thus, the Kennicutt relation underestimates the present SFR of starbursts typically by a factor of 3.
The prototypical starburst 30 Dor in the LMC is seen in Figure 13 to fall exactly within the errors in the locus of HII galaxies confirming that the starbursts in HII galaxies are similar to the Giant HII Regions in local spiral and irregular galaxies.
The relation between SFR and stellar mass is generally known as the "main sequence" of star-forming galaxies. There are extensive discussions of this relation in the literature and its use as a probe of galaxy evolution as a function of mass, environment, and galaxy types (Pérez-González et al. 2003; Brinchmann et al. 2004; Noeske et al. 2007; Salim et al. 2007; Daddi et al. 2007; Elbaz et al. 2007; Peng et al. 2010; Chang et al. 2015; Salim et al. 2016) , as well as sub-sets of extremely metalpoor galaxies (Filho et al. 2016 , and references therein) and samples of BCDs (Sánchez Almeida et al. 2009; Izotov et al. 2014; Janowiecki et al. 2017) . Various SFR indicators have been used but Kennicutt's Hα luminosity is the most common indicator for local star forming galaxies (Kennicutt 1983; Brinchmann et al. 2004) . Figure 14 (left panel) plots the relationship between the SFR derived from our calibration given by equation 4 and stellar masses for our sample. The relation for the total masses shown by the red points and red line is given by log(SFR) = −8.01 ± 0.09 + 0.93 ± 0.01 × log(M total ) (5) with an rms=0.313. For comparison, we plot the relation derived from other commonly used samples of star-forming galaxies in the literature. The green and cyan lines are from Chang et al. (2015) . The latter represents their calibration using the values from Brinchmann et al. (2004) for stellar masses and SFRs. The orange line is from Elbaz et al. (2007) for their sample of blue star forming galaxies. Even considering the scatter in these relations it is clear that the main sequence of HII galaxies (red points) is significantly steeper and stronger than the relation for more general samples of star-forming galaxies. The blue points in the figure show the SFR for the starburst component alone. A linear fit (blue line) to this relation gives log(SFR) = −6.24 ± 0.06 + 0.92 ± 0.01 × log(M young )
with an rms=0.297. This relation can be interpreted as the empirically derived main sequence for single starbursts and represents the maximum star formation rates for starbursts. To illustrate this point Figure 14 (right panel) shows the relation between the so-called specific star formation rate (sSFR; star formation rate per unit mass) as a function of mass. As in the previous figure, the blue points represent the star formation per unit mass of stars formed in the current star formation episode (M young ) and the red points represent the current star formation rate over all stars (M total ) formed in the past history of the galaxy. HII Galaxies fall well above the overall average for star-forming galaxies of log(sSFR) ∼ -10 yr −1 (Guo et al. 2015 ). Thus, averaged over their entire lifetimes HII Galaxies have been forming stars at levels that approach the largest starburst galaxies such as ULIRGS represented in the figure by Arp 220 with log(sSFR) ∼ -8 yr −1 . However, if one considers the specific star formation rate of the present burst alone (SFR per unit young stellar mass), the current starbursts in HII Galaxies are producing new stars at a much higher rate of log(sSFR) ∼ -7 to -6.5 yr −1 . By the same token, the present-day sSFR of ULIRGS are close to the upper limit set by HII galaxies when normalised by their young stellar masses. has spread over 5 Myr (Selman et al. 1999) , this is the closest example of a genuine real-life simple young massive stellar population, and sets an upper limit to how fast star formation may occur in starbursts. The purple dashed-line in Figure 14 (right panel) shows the "speed limit" for star formation that is set by 30Dor.
As discussed above, simple dynamical arguments imply that objects substantially more massive than 30 Doradus, which is the case for all the HII Galaxies in our sample, cannot form stars significantly faster than 30Dor. This also explains the declining tilt of the sSFR of our galaxies shown in the figure: only lowmass HII Galaxies can harbour the most intense starbursts.
The L − σ relation
The strong relation between L(Hβ) and M young found in this paper confirms that the L − σ relation is indeed a correlation between the mass of the starburst component and the turbulence of the ionized gas. However, the relation remains empirical because we do not yet fully understand the origin of the gas turbulence in HII Galaxies. It could be due to gravity, if the gas clouds are virialized, or to the direct injection of mechanical energy from massive stars via stellar winds, or a combination of both.
We used the f r factors derived from our SED fitting to correct the luminosities of the galaxies used in Melnick et al. (2017) to study the scatter of the relation and found that the corrections actually increase the scatter quite substantially. This is probably due to the fact that the corrections expose the effect of a second parameter -possibly the effective radius of the young component (R) as suggested by Chávez et al. (2016) and expected if the gas is virialized. Unfortunately, however, good measurements of the effective radii of these galaxies are not yet available to verify, for example, whether Rσ 2 correlates with M young as expected if the gas is in Virial equilibrium with the stellar potential.
Concluding remarks
We have studied a representative sample of the youngest (< EW(Hβ) >= 50Å); highest excitation and lowest metallicity (<12+logO/H>=8.2) HII Galaxies in the local universe (z < 0.4) and find that, as a class, they have the following properties:
1. The correction factor (1+ f r ) is typically between 1.5 and 2.5.
This factor is derived from our SED fitting procedure and is then applied on the observed EW(Hβ) in order to correct for the contribution of the underlying old stellar continuum and recover the true EW(Hβ) young . 2. The star formation histories of HII Galaxies can be reproduced remarkably well by three bursts of star formation: (a) the current young burst, a few Myr old, that dominates the luminosity at all wavelengths but contains only a few percent of the total mass; (b) an intermediate age burst of a few hundred Myr; (c) and old stellar component (10 Gyr), which together contain most of the mass. Therefore, the past SF history is far more important in producing the bulk of the stellar mass in HII galaxies. 3. At a given age, the Hβ luminosity of HII Galaxies depends only on the mass of young stars. This implies that the IMF of the ionizing clusters must be a universal function at least for massive stars, and that only a relatively small fraction of Lyman continuum photons escape from the nebulae (case B photoionization). 4. The "main sequence" of star formation for HII Galaxies is significantly steeper and stronger than that of more massive star forming galaxies from the literature, while the presentday star formation rates of HII Galaxies are on average a factor of three larger than predicted by the Hα Kennicutt relation. Therefore, extreme care must be exercised when combining starburst galaxies with more normal galaxies to construct the overall "main sequence" of star-forming galaxies.
